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Abstract

Electric Vehicles (EVs) are one of the global strategies to
address the repercussions of climate change toward achieving a sustainable
future. As the range of EV batteries that prevented their spread increased,
the challenge of long charging time and how to shorten it arose, and that's

where the need for Extreme-Fast Chargers (XFC) arose.

In this thesis, a Dual Active Bridge (DAB) converter is adopted
in the application of XFC of EV coupled with DC. The modulations of this
converter within this range were studied and analyzed. Phase-Shift
modulation and Trapezoidal-Current modulation were simulated using
MATLAB/Simulink software. Simulation results concluded that phase-
shift modulation achieves soft switching, higher power transmission, and
a wider output voltage range, with lower RMS leakage inductance, and

thus higher efficiency of the system.

A proposed XFC for EVs has been designed with the ability to
bi-directionally transfer power from Grid-to-Vehicle G2V and from
Vehicle-to-Grid V2G or to charge another vehicle V2V with a power of
1.4 MW, a DC input voltage of 11 kV and a range of output voltages from
900-1500 V, which is the highest charging voltage allowed within the
CHAdeMO 3.0 standard. By relying on the DAB converter with a multi-
level structure, it has been possible to dispense with the AC-AC stage in

the conventional fast charger structure and thus have a smaller charger size



at a lower cost with the possibility of integrating power storage systems

and DC sources of renewable energy for each level of the converter.

The simulation results showed that the charging time of the
heavy vehicle battery pack with a capacity of 540 kWh was reduced to
only 18 minutes and 40 seconds when charged from 20% to 90% of the
State-of-Charge SOC without exceeding the upper limit of the rated
charging current of the battery to maintain a longer life using the CCCV

method of charging controlled by two PI controllers.

A laboratory model of a 1 kW bidirectional DAB converter was
also built and presented using IGBT and SiC MOSFET switches. Its results
showed compatibility with the mathematical analysis and simulation

results.



